Grapes downy mildew is incited by the most destructive pathogen called P. viticola is a major bottleneck for grapevine production. The morphological and ultra structural analysis of the pathogen plays a significant role in order to take precautionary management strategies. For morphometric analysis the downy mildew infected leaf samples were collected from eight different locations in Coimbatore and Theni districts. The collected samples were subjected to morphoplogical analysis under light microscope at 40 X magnification. The length and breadth of the sporangia vary from 19. 94 -22.73 µm and 14.58-17.69 µm. The scanning electron microscopic analysis of P. viticola shows the developmental stages of the pathogen on the host leaf surface. The Pathogenicity of the pathogen was confirmed through detached leaf assay. The characteristic sporulation of the fungus was observed at 7 th day after post inoculation.
Introduction
Grapes is widely cultivated all around the world mainly for fruits, juice and manufacturing of wines. The practice of growing grapes over larger area is threatened by most destructive disease called downy mildew (Rumbolz et al. 2002) [8] . Downy mildew is one of the most vulnerable one which reducing the yield of grapes and poses a serious threat to wine industry. The grapes downy mildew disease is incited by obligate oomycetous parasitic pathogen Plasmopara viticola. It causes extensive yield loss by affecting all the green tissues of grapevine including leaves, inflorescence and clusters (Choi et al. 2017 ) [2] . The P. viticola survives as oospores in dead leaves during winter period. The oospores act as primary source of inoculum for initiating the disease. Oospores forms a germ tube inorder to form sporangia. The sporangia containing mass of zoospores which are released at the time of desiccation of sporangia. The released zoospores survive on host tissue more than 24 hrs under cool climatic condition. Sporangia act as secondary spread of the pathogen and are dispersed through rain splash and wind. For the formation of sporangiophore and sporangia, it requires 95-100% RH and temperature level of 13ºC. The zoospores released from sporangia swim in free water in host tissue, they encyst and germinate. The germinated zoospores penetrate stomata through germ tube. At the end of the season, oospores were formed on the infected host tissue. The temperature level of above 10ºC or atleast 10mm rainfall level necessary for oospore germination in wet soil (Kennelly et al., 2007) [3] . For the appearance of visible symptom in the host, the incubation period vary from five to twenty one days Caffi et al., 2013) [7, 1] . The infected downy mildew leaves will turn yellow or paler green with angular spots on the upper surface and whitish fungal growth on lower side of leaves. As the disease progress, the infected leaves shows necrotic lessions (Choi et al. 2017) [2] . The sporangiophore will emerge out of stomata. The sporangiophores were hyaline, straight or slightly curved and right angle branched. Sporangia were hyaline oval or lemon shaped and produced on right angle sporangiophore. The sporangium contains flagellate zoospores which will be released upon contact with water (Choi et al., 2017) [2] . Considering the importance of downy mildew infection and their potentiality of being an epidemic pathogen, morphological and ultra structure analysis will be helpful in managing the disease much earlier. In this present study, the morphological characterization of downy mildew pathogen along with ultra structural analysis of P. viticola through scanning electron microscopy was done as an initiative step for effective management of the disease.
Materials and Methods Morphological characterization of P. viticola isolates collected from different places
The grapes downy mildew infected leaf samples were collected from eight different locations in Coimbatore and Theni districts. The leaf samples expressing the typical downy mildew symptom of oily yellow spot on upper leaf surface and velvety downy growth on lower surface were thin sectioned and observed under light microscope. Three samples were observed for each location and totally twenty four samples from eight different locations were analyzed. For morphometric analysis fifty sporangia were observed and their size including length and breadth of the sporangia was measured at 40X magnification. Finally P. viticola sporangiophore and sporangia were imaged using a Labomed camera model LX400 with an image analyzer pixel pro program.
Scanning electron microscopy image of P. viticola
The downy mildew infected grapevine leaf sample collected from the field were used for morphological analysis using Environmental scanning electron microscopy (ESEM) analysis. The morphometric parameters of downy mildew infected specimen were viewed using a scanning electron microscopy (SEM: Quanta 250, FEI, Hillsboro, OR, USA) with an Large Field Detector (LFD). The SEM was operated in vacuum 10KV with a spot size of 3.0 and a pressure of 60 Pa. The sample images were recorded at 5000 X and 10000 X magnification. For analysis of morphological characters the leaf material infected with Plasmopara viticola was hand cut with a razor blade into small pieces of approximately 5 x 5 mm. Then the live specimens were fixed directly in carbon stubs. The source of electron used in the ESEM was Tungsten Filament and Thermionic emission was used for the detection of the samples using ESEM.
Pathogenicity of P. viticola in grapes
The pathogencity of P. viticola on grapes was proved by procedure described by Li et al., (2016) [5] with slight modification. Downy mildew infected grapevine leaf samples were collected from farmers field and kept in a ziplock plastic cover in an ice box and transferred to the laboratory condition. The P. viticola infected leaf samples were placed on 0.7% agar and incubated under growth chamber for 22 0 C at overnight in order to artificially induce the sporulation of the pathogen. After sporulation the sporangial concentration was adjusted to 1 X10 4 sporangia/ml. For proving pathogenicity of the pathogen healthy leaves were collected from glass house grown grape variety, Paneer. The detached leaves were placed on the 0.7% agar with abaxial layer in upper side. Excess water in the leaf sample was removed by sterile filter paper. The 30µl of sporangial suspension was drooped on the lower leaf surface of grapevine. Petri plates were incubated at 22 0 C under growth chamber of 16 hrs of light and 8 hrs of dark period in order to favor the sporulation. Formation of white fungal growth of the pathogen on the lower surface of leaves were observed 7 days after post inoculation. The leaf sample without inoculation of the pathogen was kept as control. Totally three replication were maintained.
Result

Morphological characterization
The downy mildew infected leaf samples collected from were eight different locations in Coimbatore and Theni districts were subjected to morphological analysis. The sporangiophore and sporangia of the fungus was observed at 40X magnification in light microscope. The sporangia were hyaline, oval shaped formed on right angle sporangiophore. The sporangiophore were hyaline, straight or slightly curved and right angle branched. The length and breadth of the sporangia varied from 19.94 -22.73 µm and 14.58-17.69 µm respectively. The largest size of the sporangia was observed in Kamayagoundanpatti with a average length of 22. 73 and breath of 16.79 µm, followed by TNAU Coimbatore isolate having average size of 22.21 and 16.46 µm in length and breadth respectively. The lowest size of sporangia were observed in Mathipatty isolate having a length and breadth of 19.71 and 14.28 µm (Fig 1; Table 1 ).
Scanning electron microscopy image of P. viticola
The ultra structural study of interaction between P. viticola revealed that the developmental stages of P. viticola on host tissue. Initially, zoospores will attach to the lower leaf surface from desiccated sporangia, it will leads to systemic mycelial colonization inside the host tissue. The right sporangiophore were emerge nced from stomata of infected leaf. The sporangia were hyaline, oval or lemon shaped formed on tip of the right angle sporangiophores (Fig 2) .
Pathogenicity of P. viticola
The pathogenicity P. viticola (TNAU isolate) were performed by inoculation of sporangia on lower leaf surface in 0.7% water agar. The whitish sporulation of the fungus was observed on lower leaf surface at 7 th day after inoculation. Whitish fungal growth of the pathogen consisting of mass of sporangia on right angle sporangiophores, which is the typical character of the fungi. It shows that symptom expression is similar to that of natural of P. viticola in grapes, which confirms the pathogenicity nature of P. viticola (Fig 3) .
Discussion
In this study, the morphological characterization of P. viticola infecting grapes was deeply studied. Further the infective nature of the pathogen was clearly studied by pathogenicity test. The ultra structure identification and analysis of infected leaves revealed the infection process of P. viticola, thereby the improvement of breeding strategies for management of downy mildew disease can be done in near future. The morphology of P. viticola was studied through light microscope at 40 X magnification. The length and breadth of the sporangia of eight different isolates varied from 19.94 -22.73 µm and 14.58-17.69 µm respectively. Similarly Kim et al., (2019) [4] observed the morphology of P. viticola in grapes. They reported that sporangia were lemon shaped and the size varied from 20.9-24.4 and 13.9 -16.6 μm in length and width. Choi et al., (2017) [2] studied the morphological features of P. viticola infecting grapes in Korea. They reported that, the size of the sporangia varied from 18.2-22.8 X 13.5 -15.5 μm. The ultrastructural study of interaction between P. viticola and grapes was studied through scanning electron microscopic analysis. The developmental stages of the pathogen was observed like zoospore attachment, emergence of sporangiophore from stomata, formation of oval sporangia on right angle sporangiophore. Similarly the Ma et al. (2018) [6] studied the infectious nature of P. viticola in grapes through SEM analysis. The series of events like zoospore attachment, sporangiophore emergence and formation of ovoid sporangia on right angle sporangiophore were observed.
Our results were also positively correlated with study of yin et al. (2007) [10] . The infective nature of the pathogen was studied using pathogenicity test through detached leaf assay. The inoculated leaf expresses the characteristics sporulation of the fungus after 7th after inoculation. Similarly, Toffolatti et al. (2016) [9] proved the pathogenicity of P. viticola in different cultivars through detached leaf assay. They reported that downy mildew symptoms were expressed on different accessions vary from 7-10 days after post inoculation. Zeledon et al., (2016) [11] proved the pathogenic ability of P. viticola by inoculating the sporangia on detached leaves. They reported that, the infection occurs after 10 day after post inoculation. a.
b. c. Pathogenicity of grapes downy mildew in 0.7% agar at 7 th day after inoculation A) Grapevine leaf Inoculated with sporangia of P. viticola B) Control (without inculation of P. viticola) C)
Closer view of sporulation of P. viticola consisting of sporangiophore and sporangia (Inoculated). 
